The genus Flexivirga, a member of the family Dermacoccaceae of the phylum Actinobacteria, was first described by Anzai et al. [1] and, at the time of writing, the genus Flexivirga contained just three species with the validly published names, Flexivirga alba [1] , Flexivirga endophytica [2] and Flexivirga lutea [3] . Cells of the genus Flexivirga are Gramstaining-positive, obligately aerobic, non-sporulating and non-motile cocci. Members of the genus Flexivirga contain MK-8 (H 4 ) and MK-8 (H 6 ) as the predominant isoprenoid quinones, diphosphatidylglycerol, phosphatidylglycerol or phosphatidylinositol as the major polar lipids and anteiso-C 17 : 0 , iso-C 16 : 0 and iso-C 17 : 0 as the major cellular fatty acids. The cell-wall peptidoglycan structure of members of the genus Flexivirga is A4a type containing L-lysine as the diamino acid. In this study, a representative of a presumably novel species of the genus Flexivirga, designated strain R1 T , was isolated from soil of a rice paddy and its taxonomic properties was characterized using a polyphasic approach.
Strain R1
T was isolated from a rice paddy located in Sacheon, South Korea (35 10¢ 90 † N 128 11¢ 84 † E). A rice paddy soil sample was serially diluted to 10 À6 in PBS buffer (137 mM NaCl, 2.7 mM KCl, 10 mM Na 2 HPO 4 , 2 mM KH 2 PO 4 , pH 7.2), and 0.1 ml aliquots of 10
À4

-10
À6 dilution were spread on R2A agar (BD) and incubated at 25 C for 3 days under aerobic conditions. The 16S rRNA genes from colonies grown on R2A agar were PCR-amplified using the universal primers F1 and R13 and double-digested with HaeIII and HhaI, and representative PCR amplicons showing distinct fragment patterns were partially sequenced using the primer F1, as described previously [4] . The resulting 16S rRNA gene sequences were compared with those of validly published type strains using the Nucleotide Similarity Search program in the EzTaxon-e server [5] . From the 16S rRNA gene sequences analysis, a putative novel species belonging to the genus Flexivirga of the family Dermacoccaceae, designated strain R1 T , was selected for further phenotypic and phylogenetic analyses. Strain R1
T was routinely cultured aerobically on R2A agar at 30 C for 3 days. Strain R1 T was stored in R2A broth containing 15 % (v/v) glycerol at À80
C for long-term preservation. F. alba KACC 16861 T ,
F. endophytica KCTC 39536 T and F. lutea KCTC 39625 T were used as reference strains for the comparisons of phenotypic properties and fatty acid analysis.
The 16S rRNA gene of strain R1 T was cloned into the pCR2.1 vector of a TOPO cloning kit (Invitrogen) according to the manufacturer's instructions and sequenced using the M13 reverse and T7 primers of the TOPO cloning kit at Macrogen (Korea) to obtain a longer gene sequence. The resulting 16S rRNA gene sequences of strain R1 T (1445 nucleotides) and closely related type strains were aligned using the fast secondary-structure aware Infernal aligner available in the Ribosomal Database Project (RDP) [6] . Phylogenetic trees were inferred under the neighbour-joining (NJ) algorithm with the Kimura two-parameter model [7] and the maximum-parsimony (MP) algorithm, using the DNADIST and DNAPARS programs within the PHYLIP software (version 3.695; [8] ), respectively, and their tree topologies were evaluated through bootstrap analyses using a 1000-resampled dataset. A maximum-likelihood (ML) analysis with bootstrap values was conducted using RAxML-HPC BlackBox (version 8.2.4) with a GTRCAT model of evolution through the Cyber-Infrastructure for Phylogenetic Research project (CIPRES, www.phylo.org; [9] ). The 16S rRNA gene sequence similarities between strain R1
T and members of the genus Flexivirga were calculated using EzEditor [10] . DNA-DNA relatedness between strain R1
T and the type strains of F. endophytica, Fl. lutea and F. alba was evaluated by DNA-DNA hybridization (DDH) using a genome-probing microarray method, as previously described [11] . The DDH experiments were confirmed by reciprocally interchanging DDH between probe and target DNA.
The NJ-algorithm-based phylogenetic tree displayed that strain R1
T formed a distinct phylogenetic lineage within the genus Flexivirga of the family Dermacoccaceae with a relatively low bootstrap value (71 %) (Fig. 1) . Phylogenetic trees based on the ML and MP algorithms also supported that strain R1
T formed a distinct phylogenetic lineage within the genus Flexivirga (Fig. 1) . Comparative analysis based on the 16S rRNA gene sequences revealed that strain R1
T was most closely related to F. endophytica YIM 7505 T , F. lutea TBS-100 T and F. alba ST13 T with 97.7, 97.5 and 97.2 % sequence similarities, respectively. Recently, it has been suggested that 98.7 % 16S rRNA gene sequence similarity can be used as a guideline to avoid laborious DDH in species delineation and that DDH experiments are only required when the 16S rRNA gene sequence similarity between two strains is more than 98.7 % because this value equates to 70 % DNA-DNA relatedness between two strains [12] [13] [14] . Meier-Kolthoff et al. [15] also suggested that DDH is only required when the 16S rRNA gene sequence similarity between two strains is more than 98.2 %. The similarities of 16S rRNA gene sequences between strain R1
T and the recognized species of the genus Flexivirga were lower than the two guidelines (98.7 and 98.2 %), which suggests that strain R1
T could be a representative of a novel species of the genus Flexivirga.
Nevertheless, DDH experiments between strain R1
T and the type strains of F. endophytica, F. lutea and F. alba showing more than 97.0 % 16S rRNA gene sequence similarities were performed. The DNA-DNA relatedness levels between strain R1
T and the type strains of F. endophytica, F. lutea and F. alba were 50.9±4.9 %, 44.8±4.5 % and 49.6±8.2 %, respectively, which were clearly below the 70 % threshold generally accepted for species delineation [16] .
Growth of strain R1
T was tested on R2A agar (BD), laboratory prepared Luria-Bertani (LB) agar, nutrient agar (NA; BD) and tryptic soy agar (TSA; BD) at 30 C for 3 days. Growth of strain R1
T at different temperatures (4, 10, 15, 20, 25, 30, 37, 40 and 45 C) and pH values (pH 4.0-10.0 at 0.5 pH unit intervals) was evaluated in R2A broth for 3 days. R2A broth media with pH values below pH 7.0 and pH 8.0-10.0 were prepared using Na 2 HPO 4 /NaH 2 PO 4 and Tris/HCl buffers, respectively [17] . The pH values were checked again after sterilization (121 C for 15 min) and adjusted if necessary. Growth of strain R1
T at different NaCl concentrations (0, 1, 2, 3 and 4 %, w/v) was evaluated in R2A broth prepared in the laboratory according to the BD formula. Gram staining was investigated using the bio-M erieux Gram stain kit according to the manufacturer's instructions. Catalase activity was determined by the production of oxygen bubbles using cells grown on R2A agar for 3 days at 30 C in 3 % (w/v) aqueous hydrogen peroxide solution [18] . Cell morphology was investigated using phase-contrast microscopy (AXIO Scope A1; ZEISS) and transmission electron microscopy (JEM-1010; JEOL) with cells from an exponentially grown culture on R2A agar at 30 C. Production of exopolysaccharide by strain R1 T was evaluated using an India ink staining method [19] . Anaerobic growth was assessed on R2A agar under anaerobic conditions (with 4-10 % CO 2 ) using the GasPak Plus system (BBL) at 30 C for 21 days. The following phenotypic properties of strain R1
T and three reference strains were investigated in parallel under the same conditions. Oxidase activity was evaluated by the oxidation of 1 % (w/v) tetramethyl-pphenylenediamine solution in DMSO (Sigma-Aldrich) [18] . Hydrolysis of casein, starch, aesculin, tyrosine, urea, gelatin, Tween 20 and Tween 80 was tested on R2A according to the methods described by Smibert and Krieg, and L anyí [18, 20] . Nitrate reduction was assessed according to the method described by L anyí [20] . Additional enzymic activities, biochemical features and acid production from carbohydrates were evaluated using the API ZYM (extracellular enzyme activity), API 20NE (biochemical reactions and carbon assimilation) and API 50CH (acid production and carbon assimilation) test strips (bioM erieux) at 30 C, according to the manufacturer's instructions. Antibiotic susceptibility was tested using the method described previously [21] .
Strain R1
T grew well on R2A agar and NA (optimum, R2A agar), but did not grow on LB agar or TSA. Cells of strain R1
T were Gram-staining-positive, exopolysaccharide-producing (data not shown) and non-motile cocci, occurring singly (0.5-0.6 µm in diameter) (Fig. S1 , available in the online Supplementary Material). The previous studies reported that F. alba was catalase-negative, while F. endophytica and F. lutea were catalase-positive [1] [2] [3] . However, the parallel test in this study clearly showed that all species of the genus Flexivirga were catalase-positive. Anaerobic growth of strain R1
T was not observed after 21 days of incubation at 30 C. Strain R1 T was susceptible to the following antibiotics (µg per disc): ampicillin (10), carbenicillin (100), gentamicin (30), kanamycin (30), neomycin (30), novobiocin (5) and tetracycline (30), while strain R1
T was resistant to lincomycin (15) and oleandomycin (15) . Many phenotypic properties of strain R1
T , including catalase and oxidase activities and Tween 20, urea, aesculin and casein hydrolyses, were in common with reference strains of the genus Flexivirga, but some other phenotypic properties such as colony colour, hydrolysis of starch, tyrosine, Tween 80 and gelatin, and enzyme activity of alkaline phosphatase, lipase (C14), valine arylamidase, cystine arylamidase, trypsin, achymotrypsin, b-glucosidase, N-acetyl-b-glucosaminidase, and a-mannosidase differentiated strain R1
T from the three other species of the genus Flexivirga. Physiological and biochemical characteristics of strain R1 T are additionally described in the species description and compared with those of the closely related members of the genus Flexivirga in Tables 1 and S1 .
The DNA G+C content of strain R1
T was determined by the fluorometric method [22] using SYBR Green I and a realtime PCR thermocycler (Bio-Rad). Isoprenoid quinones were extracted according to the method of Minnikin et al. [23] and analysed using a model LC-20A HPLC system (Shimadzu) equipped with a diode array detector (SPD-M20A; Shimadzu) and a reversed-phase column (250Â64.6 mm, Kromasil; Akzo Nobel), as described by Komagata and Suzuki [24] . The peptidoglycan of strain R1
T was extracted by disruption of the cells by shaking with glass beads, subsequent trypsin digestion and SDS treatment, and analysed at DSMZ according to published protocols [25] . Briefly, the amino acids and peptides in cell-wall hydrolysates were analysed by 2D TLC on cellulose plates using the solvent systems described by 
Rudaeicoccus suwonensis HOR6-4 T (GQ241687)
Flexivirga lutea TBS-100 T (KT228275)
Flexivirga oryzae R1 T (KR025522)
Flexivirga alba ST13 T (AB539735)
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Barrientosiimonas humi 39 T (JF346171)
Tamlicoccus marinus MSW-24 T (HE792770) Schleifer [26] . The approximate molar ratio of amino acids was analysed by GC-MS (320 Singlequad instrument; Varian) as described by Schumann [25] , and the analysis of whole-cell sugars was carried out as described by Staneck and Roberts [27] . For the cellular fatty acid analysis, strain R1 T and three reference strains were cultivated in R2A broth at 30 C, and microbial cells were harvested at the same growth stage (exponential phase, OD 600 =0.8). The cellular fatty acids of microbial cells were saponified and methylated using the standard MIDI protocol. The fatty acid methyl esters were analysed by a gas chromatograph (6890; Hewlett Packard) and identified by using the TSBA6 database of the Microbial Identification System (Sherlock version 6.0B; [28] ). The polar lipids of strain R1 T were analysed chromatographically by TLC using cells harvested during the exponential growth phase, according to the procedure described by Minnikin et al. [29] . The following reagents were used to detect different polar lipids: 10 % ethanolic molybdophosphoric acid (for total polar lipids), ninhydrin (for aminolipids) and DittmerLester reagent (for phospholipids).
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The genomic DNA G+C content of strain R1
T was approximately 64.5 mol%, which was similar with those of other species of the genus Flexivirga. The isoprenoid quinones of strain R1
T detected were only menaquinone (MK)-8 (H 4 ) (14.4 %) and MK-8 (H 6 ) (85.6 %), which were quite different from those of F. alba and F. endophytica, which contain MK-8 (H 4 ) as the predominant respiratory menaquinone [1, 2] . The peptidoglycan of strain R1
T contained lysine, alanine, glycine, serine, glutamic acid and muramic acid with the molar ratio of 1.0 : 1.9 : 1.1 : 2.1 : 2.3 : 1.3. The hydrolysate contained the peptides L-AlaÀD-Glu, D-AlaÀD-Glu, DGluÀGly and L-LysÀL-Ser. From these data, strain R1
T was concluded to contain the peptidoglycan type A4a, with an L-LysÀL-Ser 2 ÀD-Glu interpeptide bridge with a Gly residue bound to the a-carboxyl group of D-Glu at position 2 of the peptide subunit. Whole-cell sugars of strain R1
T were glucose and ribose, which was different from the result that major whole cells sugars of F. endophytica were ribose, glucose and galactose [2] . The major cellular fatty acids (>5 % of the total fatty acids) of strain R1
T were iso-C 16 : 0 , summed feature 9 (comprising iso-C 17 : 1 !9c/10-methyl C 16 : 0 ), anteiso-C 17 : 0 , iso-C 17 : 0 and anteiso-C 17 : 1 !9c. The overall fatty acid profile of strain R1
T was similar to those of members of the genus Flexivirga; there were some differences in the respective proportions of some fatty acid components ( Table 2 ). The polar lipids of strain R1
T consisted of diphosphatidylglycerol, phosphatidylglycerol, , phosphatidylinositol, three unidentified phospholipids, four unidentified aminolipids, one unidentified glycolipid and four unidentified lipids (Fig. S2) . The profile of the polar lipids of strain R1
T was well in accordance with those of members of the genus Flexivirga [2, 3] . In conclusion, the physiological and chemotaxonomic features and the phylogenetic inference of strain R1
T support the proposition that strain R1 T represents a novel species of the genus Flexivirga, for which the name Flexivirga oryzae sp. nov. is proposed.
EMENDED DESCRIPTION OF THE GENUS FLEXIVIRGA ANZAI ET AL. 2012
This description is based on that given by Anzai et al. [1] with the following amendments. Catalase activity is positive. Isoprenoid quinones detected are MK-8 (H 6 ) and MK-8 (H 4 ) and their proportions are variable. The whole-cell sugars [1] . All strains are positive for the following characteristics: catalase, hydrolysis* of casein and aesculin, enzyme activity* of esterase (C4), esterase lipase (C8), leucine arylamidase, acid phosphatase, naphthol-AS-BI-phosphohydrolase, b-galactosidase and a-glucosidase, and assimilation* of D-glucose, D-mannose, malic acid and phenylacetic acid. All strains are negative for the following characteristics: oxidase*, hydrolysis* of Tween 20 and urea, reduction of nitrate to nitrogen, indole production, enzyme activity* of arginine dihydrolase, a-galactosidase, b-glucuronidase and a-fucosidase, and assimilation* of capric acid. +, Positive; À, negative. contain glucose and ribose as major components, and galactose, rhamnose and mannose are variable. The DNA G+C content is between 64.5 and 67.4 mol%.
DESCRIPTION OF FLEXIVIRGA ORYZAE SP. NOV.
Flexivirga oryzae (o.ry¢zae. L. gen. n. oryzae of rice, referring to the isolation of the type strain from a rice paddy).
Cells are Gram-staining-positive, strictly aerobic and nonmotile cocci (0.5-0.6 µm in diameter). Produces exopolysaccharides. Colonies on R2A agar are creamy white and circular. Growth occurs at 10-37 C (optimum, 30 C) and pH 5.0-9.0 (optimum, pH 7.0) and in R2A broth supplemented with 0-3 % (w/v) NaCl (optimum, 0 %). Oxidasenegative and catalase-positive. Nitrate is reduced to nitrite, The type strain is R1 T (=KACC 18597 T =JCM 31060 T ), isolated from a rice paddy of Sacheon in South Korea. The DNA G+C content of the type strain is 64.5 mol%. *Summed features represent groups of two or three fatty acids that cannot be separated by GLC with the MIDI system. Summed feature 3, C 16 : 1 !7c and/or C 16 : 1 !6c; summed feature 4, iso-C 17 : 1 I and/or anteiso-C 17 : 1 B; summed feature 9, iso-C 17 : 1 !9c and/or 10-methyl C 16 : 0 .
